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Specification 

DROPLET SPRAYING DEVICE AND METHOD 
OF MANUFACTURING THE SPRAYING DEVICE 

Field, of the Invention 

The present invention relates to a liquid-drop spraying 
device placed in a raw material fuel discharging device which 
is used for a variety ot machines treating the above described 
liquid or acting by discharging a liquid raw mat e rial ui fuel. 

Description of the Parlor Art 

^j2^ qJ y^^f^ — convcntillJU,al liquid drop opxayiftg ^yi tq is 

liquid drop 3praying device performing spraying by discharging 
15 a liquid-drop from discharging outlet due to the vnl nTjM^hangfis 
of a plurality of pmssnrfi rooms, which are coprTected to the 
common pass via inlela provided in these respective pressure 
rooms, piezo-electric / electrostrictiv^elenient is formed on 
one portion of wall in every pressure rjx5mand the relevant element 
20 is chanqed in shape by voltage saTgnal applied to the relevant 
element* Then, in the case w)ar&re a large amount of a liquid is 
discharged by use ot a material fuel discharging device, 
a large number of discharging unit providing one piezo-elwcLrie 
/ electrostrictiv^elemenL in une pressure room have been placed 
25 on d liquid-drjzp sprayinq device or discharging period has been 
mad^longer/ln such a liquid -drop opraying device, fox example, 
as a fucZ ejecting device densely arraying a large number of 
ejecting elements having a nozzle in a srsggp.rRrl arrangement 
^rr^hrr^-f^^ liile frnarrbfeJfl i n f h r bure t e j^ 
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^ol imiernai combustion engine , there ia d iu el ejecting d " g y±c*» 
published in Japanese Unexamined Patent Publication No . 5£^-§tM16 
(1979) official gazette. Its cavity of each aj^cting element 
is made on the manifold wall so that no^Xe is located inside, 
and piezo-electric vibrator is [pieced on tne outside surface 
via a thin metal plate . Th^sr^ac^h ejerr.1 ng element is cuanticLed 
to a tuel tank vjj^r^sa ge equipped with a check valve, a liquid 
within a^^v^Tty is ejected Iiunt the nozzle towards the inoidc 
ag^mcm LLold by Lhc Vi bration gf-fefe e - p i aso-clootric vibrato r. 

However, even if a liquid-drop spraying device is provided 
with a large number of discharging units in order tn inr.rftaaft 
the discharging amount, since rti spl a cement amuunL ul 
piezo-electric / electrnRt.r1nr.ive element is small and an area 
where discharging units are placed la limited, depending on the 
use, there have been cases that a sufficient discharging amount 
cannot be sprayed. 

Moreover, that a large number ot discharging units are 
provided corresponding to the required di sr.hargi.ng amount, and 
that piezo-electric / eler.trost.rict.ion element of small amount 
of displacement is integrally laminate molded with a pressure 
room r.o perform precise alignment on the pressure room, ore 
factors that raise the manufacturing cost. 

Furthermore, that a pressure room and piezo-electric / 
electrostriction element are integrally sintered and formed is 
means for suppressing the manufar.rnring r.nar., however, there 
has been a limitation that materials* fur vibration source 
increasing and reducing Lhe pressure of a pressure room arc 
limi Led. 
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Disclosure of the Invention 

Auuurdingly, in order to resolve the above dcocribcd 
problem, the present inventor provides a liquid-drop spraying 
device capable of spraying a liquid from a discharging outlet 
by vibration sources such as piezo-f .lfinrric / el er.r.rosr.rictive 
element and others which ars provided to a liquid aujnp wiLh two 
or worn prfisanre rooms or pass or eLu. by Lhe number less than 
r.he number of Hie pressure rooms, and increase and reduce the 
pressure to them in the liquid sump. 

In the present invention of claim 1 out of the invention 
as claimed in the application concerned, a liquid-drop spraying 
device has a liquid sump consisted or the prsssnre room equipped 
with at lease one discharging outlet, and a pass connected Lo 
onfi or more pressure rooms via au inlet and supplying a liquid, 
and a v±br«aluu source causing the relevant liquid sump to change 
the volume, and in which at lcaot two or more relevant pressure 
rooms arc provided to the relevant vibration source. Owing to 
this, not only a liquid can be discharged from a plurality of 
discharging outlets by one action only hy driving one vibration 
source, hut. also a vibration source itself becomes larger, the 
selection of deaiyu is more various than conventional one, and 
a larger displacement can be generated. 

Now, a liquid sump is designed so that it does not have 
a valve structure in an inlet coupling a pressure room equipped 
with at least one discharging outlet and a pass snppi y i ng a 1 1 quid 
to one or more pressure rooms, when a liquid is discharged since 
pressure variation by increasing and decreasing the pressure 
occurs in pressure rooms, a large amount of back flow ie not 
generated from the inlet provided' in narrow and small area to 



the pass. Moreover, it will be good LhaL vibration source is 
a member vibrating a predetermined vibration, and vibration 
source includes also general vibration cource euch as solenoid 
coil and the like besides one which electric signal is converted 
in direct to. physical operation as piezo-e.1fir.rrir. / 
electrostriction element. Parti cularly, p1 fi7o-el ecr.ric / 
electrostrictinn RlPinerr. 1s excellent in its quick response, 
large force and accuracy uf vibraLion amount, and it is preferable . 
Moreover, a structure of a piezo-electric / elect rootriction 
element is not limited to otructurcs such as a single layer element 
forming electrodes on its both sides and a composite element 
enlarging displacement in space by combining wirh or-hfir «l asr.1 r. 
materials and the like, an. ac.t-.nar.or Laminated molding 
piezo-e-lectrir. / ftl ^.restrictive elements and elecLrodes over 
multiplier is suitable from the viewpoint of its low voltage 
drivinq ability and large displacement ability. 

Moreover, the invention of claim 2 is a liquid-drop 
spraying device in wh.-i.cb a 1 i qni r] sump and a vibration source 
ar* s *j»raf.« bodies. Owing to this, the vibration source can 
be individually formed serrated from the liquid sump, for 
example, the vibration source can be formed by a material 
enlarging displacement amount, separated from the liquid sump. 
Moreover, if the material of the liquid sump is, tor example, 
metal, its toughness is enhanced, durability can be Increased. 
And since material components forming the vibration source is 
not diffused Lo side of a substrate equipped with the liquid 
sump, the material of the substrate i 3 stable ond durability 
ia further enhanced. 
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Now, as for the relaLJLuuship between the vibration source 
and the liquid sump, it is not needed to be contacted with each 
other in a constant state, it will be good at least vibrating 
portion or movable portion is contacted tor the transition of 
vibration even it they are apart at the cert* in interval . However, 
in the case wher* th« v1hrar.1on is transmitted Lo d plurdliLy 
nf pressure rooms at the same Lime by Lhe same vibration source, 
it is prelei-able they are contacted with each other even in a 
constant state. Concretely, they are retained in a contacted 
state by mechanical adjuotmcnt moans such ae spring, screw and 
the like. Moreover, the liquid sump and the vibration source 
which are separate bodies can be also f i xprt hy adhesive, filler 
added adne*iv«, thermal diffusion method and Lhe like, 
furthermore, the movable aecLion of the vibration source is not 
necessarily required to be directly neighboring to or contacted 
with the liquid oump, it io ouf ficicnt to be contacted with the 
vibration source via at least one relaying member transmitting 
vibration to the liquid sump, in this case, sinrfi adjustment 
can be carried nut. h y the relaying member, alignment of the 
vihrat.ion source becomes unnecessary, the reduction of a number 
of Lhe vibx =, Lion sources is possible, and cost reduction ia 
contemplated. 

Moreover, the invention of claim 3 is a liquid-drop 
spraying device in whicn one portion of the vibration source 
is fixed on fixation section such as base frame and Lh« ilk*, 
aL leaaL one pox Lion of other vibration portions or movable 
portions is contacted with a liquid oump. Owing to this, the 
vibrationof the vibration sourceismore efficiently transmitted 
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to the liquid sump, ana spraying efficiency is enhanced. 

Moreover, the invention of claim 4 io a liquid-drop 
spraying device in which at least one surface out of the contact 
surfaces on which the vibration source and the pressure room 
are contacted with each other is in a convex shape . Now, r r.nntar.t 
surface is referred tn a vibration Transmitting surface lor the 
vihr^tlnn source and a vibraLiun IrausmiLLed surface for the 
Pleasure room Lo cause volume chanqe in the pressure room by 
the vibration source, and in the case where at least one of them 
is in a convex shape toward outeide, the other will be good in 
any chape of a convex shape, a smooth shape and a concave shape 
in a constant state, provided the vibration, can He transmitted. 

Moreover, the iiiveuLion of claim 5 is a liquid-drop 
spraying device in which the vibration transmitting ourfacc of 
the vibration oour cc in smooth , the vibration transmitted surface 
of the pressure room is a thin walled portion projecting toward 
outside- It will be good that the pressure room equipped with 
a thin walled portion projecting toward outside is formed at 
the samA time- when the liquid sump including Lhe prassLULe iuum 
is formed, and it will be also good that a projecting object 
is formed by adhesion and the like on a predetermined location 
of the vibration transmitted surface after forming the liquid 
sump • 

Moreover, the invention of claim 6 is a liquid-drup 
aprayiay device in which at least one of contact surfaces where 
the vibration source and the pass are contacted with each other 
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is in a convex shape. Owing Lu Lhis, change of the volume due 
lu increasing and reducing pressure of the paso by the vibration 
source disperses to a plurality of volume reduction sections 
via inlet and causes a droplet to discharge. 

Now, although a shape of pressure on of r.he vibration 

source is appropriately defined by a shape of a pass 20, iL is 
nor T\firfissar11y limited to a shape for pressurizing the entire 
area of a pass. CuncreLely, it will be good that only center 
pur Lion out of the thin walled section located upper of the paes 
is contacted, in the case whore a plurality of passes exist, 
it will be also good that all ot the passes are pres.gurl7.Rri. 
It will be also good that only p*rt nf r.he partial pass is 
pressurized r.nn.m fieri ng distance from Lhe ljileL and it is 
selected according Lo the discharging efficiency, dimensions, 
shape and the like. 

Moreover, the invention of claim 7 is a liquid-drop 
spraying device in which bridge portion between the pressure 
rooms is contacted with the vibration source. Now, it will be 
good that in the case where at least one of the contact surfaces 
is in a convex shape toward outside, the other is in any ohapc 
of a convex shape, a smooth shape anda concave shape. Particularly, 
in the case where a thin walled portion of the pressure room 
is formed in a concave shape to the bridge portion, when the 
flat vibration source pressures th« bridge portion once, the 
bridge portion shifts to the pressure direction and the central 
pur Lion shifts to the contrary of the pressure direction with 
respect to an end portion of thin walled portion in a concave 
ohapc, and then the volume of the pressure room increases and 
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the liquid la supplied from the pass. And, as the pressuring 
of the vibration source is completed, the pressure room returns 
to the original state and when the volume decreases, the liquid 
is discharged from the outlet, andby repeatingrbis, thP liquid 
5 becomes in a spraying srarn. Owi ng to this, r.he bridging portion 
has * i-.THnkrifiss r.o the direction of increasing and reducing the 
pressure of the vibralion plate compared to the thin walled 
portion, therefore, the bridging portion io more excellent than 
the thin walled portion in durability. Besides this, forming 
10 the thin walled portion in a concave shape indicates that if 
it ie in a convex shape, it requires a seep of making tha nelghr. 
or the convex be certain .l.evRi, while r.he height of the bridge 
portion 15? r.he same with the Lhickness u£ Lhe entire device, 
therefore, it is easy to make the substrate with the thin walled 

15 portion in a convex shape and the number of making stops ie reduced- 
It should be noted that when the bridging portion is pressured 
by the vibration source and an end portion of rhfi thin walled 
portion in a concave shapn shi fts to the di rection of pressuring, 
the hotr.om portion with respect to the thin walled portion of 

20 the pressure room requires a thickness not to shifted, and the 
amount of thickness is needed to appropriately adjust bymatcrial, 
mixing rate, the length, width and thickness of the bridging 
portion. Moreover, by adjusting the dimensions, shapes and the 
like of the pressure room and the bridge portion, it can be also 

25 designnn .so thar. the volume / capacity of the pressure room is 
reduced when pressuring . For e*cimple, in the case where the width 
ui Lhe bridge portion is sufficiently narrowed with respect to 
the pressure room, or in the case where the side f ace of the 
pressure room is formed diagonally with respect to rh« npppr 
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surface or the bottom surface, the upper ourfocc and the bottom 
surface arc deformed in parallel so that the total thickness 
of the entire device Is reduced, thereby redlining th<=! volume 
and the like of rhR prR.ssnrlTig room and discharging the liquid. 

Moreover, the invention of claim 0 is a method of 
manufacturing a liquid-drop spraying device in which after a 
liquid sump consisted of the prcoourc room having at least one 
diocharging outlet and the pass connected to one or more pressure 
rooms via an inlet and supplying a liquid, *nri rhp v1hrar.1on 
source causing th* tri Rvanr. liquid sump to change Lhe volume 
are separately formed, the liquid sump and the vibration source 
axe integrated so that vibration of the relevant vibration source 
is transmitted to the relevant liquid oump, then two or more 
relevant prcoourc roomc are provided with respect to the relevant 
vibration source. Owing to this, since the vibration snnrr.P. and 
the liquid sump nan farmed by different materials and steps, 
for example, the vibration source can formed by a material 
enlarging an amount of displacement and beinq different from 
the material of the liquid sump which has been sintered, and 
the material of the liquid sump can be a metal having a high 
toughness and durability. Then, since the material component 
forming the vibration source does not ditf use to zhe substrate 
having the liquid sump, the material of zhe substrate becomes 
stable and its durability can be more enhanced, and furthermore, 
the liquid sump and the vibration source can be individually 
checked, and reliability is more secured. 
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^B *j-el DeactipUou uf - th e Dtftwia g u - — 

' 0[ FIG- 1 io a vertical sectional view of a discharging unit^ 

of a. liquid-drop spraying device; 

fig. 2 is an .mn.strat.inn showing r.he other^quid-drop 
5 .spraying device; 

FIG. 3 is du illusLration ahowi^*^ the other liquid drop 
spraying device; 

FIG. 4 Lq a pcrppt5ctivc view showing the liquid-drop 
spraying dcvicc^crr^FIG. 3; and 
10 FI£^"5 is an illustration showing rhe other 1 .i qui d-drnp 

9P9?eviny d^vitfe . 
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DeacxipLion uf references 

I DISCHARGING UNIT OF LIQUID DROr SFRAYINC DEVICE , 
15 10 PRESSURE ROOM, 

10a THIN WALLED PORTION, 

II DISCHARGING UUTLKT, 
11a N07.7J.R HOT.E, 

12 INLET HOLE, 

20 13 VIBRATION SOURCE, 

13a PIEZO ELECTRIC / ELECTROSTRICTION ELEMENT, 

13b ACTUATOR, 

14 BRIDGING PORTION, 

lb ELECTRODE, 

2fi 9.0 PASS. 



Best Mode for Carrying Out the Invention 

The raode for carrying out a liquid-drop spraying device 
ot the present invention wil.l be rtp^r.ri hPrt in derail below. 

1U 



FIG. 1 is a vertical aectional view of a discharging unit 
1 of a liquid-drop spraying device. The pressure room lu 
discharging a iiquid-drop due to the reduction or volume 
of the liquid sump provides r.he discharging outlet 11 haviuy 
t.h* no**!* hole lla which is.openeu ouL-rdly in a lower portion 
of an end, provide* the inlet hole 12 on the other end of the 
surface where the discharging outlet 11 ia provided, and the 
relevant prcoourc room 10 i B connected to the pass 20 via the 
inlet hole 12 . Moreover, on the upper wall portion ot the pressure 
room io r the Oration source 13 i.s Inr^lly provided and 
mounted in a trmm M direction so as to range OV er the upper 
wall portions of the other pxe^u.e rooms 10 transversely 
arxanyed in parallel. The vibration source 13 i 3 the 
Piezo-electric / electrostrictive element 13a laminating th 
upper portion electrode, the piezo-electric / electrostrictive 
layer and the lower portion electrode, hy , Pplyin g 
predetermined vnUag. s i gnal ro the piezo _ eleutric , 
electrostrictive element, the piezo-electric / 
electrostrictive element is deformedby electric field generated 
between the u Pper portlon electrode and the Wr 

electrode, by deforming the wall portions of the mounted multiple 
pressure rooms 10 at the same time, a liquid supplied to the 
respective pressure rooms iu are discharged from the discharging 
outlet 11 as a liquid-drop at the same time by pressurized force 
generated iu r^.Live pressure rooms 10. To the contrary, as 
the lower surface of the vibration a ourcc 13 riocc upward to 
return to the original position, the thin walled portions 10a 
of the multiple pressure rooms 10 also return to the original 
^ape at the same time, a lignici 1, «„ ppl 1 ftfl v1 a nhe lnlec ^ 
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12 to the respective pressure room 10 iiuui Lhe pass 20 due to 
negative I 0i , u generated in the respective pressure roomo 10 
and the device prepares for the next ejection. A liquid-drop 

10 ejected in a spraying state toy repeating this. 

*\LG. 2 (a.) i * *n i n nsr.rar.ion showing the other en^dLueuL 
of ftr. i . The pressure room 10 provides Lhe discharging outlet 

11 having the nozzle hole 11a which is opened outwardly in a 
lower pox: Lion of an end. provides the inlet hole 12 on the other 
end of the surface where the diocharging outlet 11 is provide, 
and the relevant pressure, room 10 is connected to the pass 20 
via the inlet hole 12. Particularly, th« thin waned portion 
10a of the pr« ss „rfi room 1.0 is formed in a convex *U m ouLw*rdl y , 
and between this a „d Lhe thin walled portion 10a of the other 
pre^ure room 10 located laterally, the concave portion io 
formed. 

On the other hand, in the upper position ot the upper wall 
portion of the pressure room 10, the vibration „ niJrrft ^ whinh 
is separately fn^H i* equipped, the lower surface of the 
vibration source 13 is formed smoothly, in a usual state, the 
poaiLioual relationship of the lower surface and the thin walled 
portion 10a of the pressure room 10 being contacted with each 
other is kept. Moreover, the vibration source 13 is also formed 
in a longitudinal shape in a transverse direction so as to range 
over till the upper wan portion of the «rh«r pr fiSR „r e room 10 
arrayed laterally in parallel. 

The vim- Lion source 13 is an actuator 13b laminating 
piezo-electric / electrostrictivc elements and electrodes over 
a plurality of layere , and excellent . ft low „oXfg* driving 
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ability and liiyh displacement ability Q3 a structure vibrating 
upward and downward. By applying a predetermined voltage signal 
to the actuator 13b, the lower surface off the vibration source 
13 at the illustrated position is lowered, a Mq^a supplied 
to the respective pressor,, rooms 10 1s discharged from Ihe 
discharging onr.ler. 11 as a liquid-drop at Lhe same time, due 
r.o the pressurized Xoxc generated in the respective P re 33 ure 
xoaivia 10 by 3 imult an eoualy deforming the thin wallod portion 
10a in a convex ahapc outwardly of the multiple pressure rooms 
10. To the contrary, as the lower surface ot the vibration source 
13 rises upward to return to the original po^t.lon, r.he r.hin 
wailed portion 10a of the mul r.1 pl e pr BSS ur e rooms 10 also ^Luins 
to the original shape at the same Lixue, a liquid is supplied 
via Lhe inlet hole 12 to the respective pressure room 10 from 
the Pass 20 due to negative force generated in the respective 
prcooure roomc 10 and the device prepares for the next ejection. 
A liquid-drop is ejected in a spraying s^r* by rearing r.his. 

FIG. 2 (b) ,nd (r.) exemplify forms of the laminated 
art " atorR 1 3b ""Hzing longitudinal piezo-electric effect and 
transversal piezc-electric effect, respectively, and are 
selec-Led corresponding to required drive voltage, amount of 
displacement, shape and the like. 

FIG. 3 and FIG. 4 are illustrations showing the other 
*5 embodimenr or r TC . 1 and ftc 2. Although the prepare ruoia 10 
provides the diacharyiny ouLlel 11 having the noz Z le hole ll a 
whi.L i a opened outwardly in a lower portion of an end, oincc 
in this embodiment , the relevant pressure room provides the inlet 
hole 12 on the upper surface of the other end of the surface 
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where rhe discharging outlet 11 is provided and the relevant 
pressure room is connected to the paoo 20 via the inlet hole 
12, the pass 20 io located in more upper position than that ot 
the pressure room 10, it is termed in the positional. r«l at 1 nnsMp 
closer to the upper surfar.* nf t.he discharging unit 1. 

On thP nrher hand, above the upper wall pur Lion of the 
pressure room 10, the vibration source 13 separately formed and 
fixed partially on the base frame is equipped, the lower surface 
which is to be a movable section of the vibration source 13 and 
the thin walled portion 10a are formed in a smoothed manner. 

FIG. * is a perspective vi ew showing the positional 
relationship berween Mm- vibration source 13 and the p aaa 20. 
■a pal r of r.he pressure rooms 10,10 ahowji in FIG . 3 are transversely 
arrayed in parallel, above which the vibration source 13 is 
located and formed in a longitudinal shape along the longitudinal 
direction of the paao 20 oonnocting to the multiple pressure 
roome 10. 

The vibration source 1 3 has also a structure for vibrating 
upward and downward as the actuator 13b, by applying a 
Predetermined voltage signal, the position shown in FIG of the 
lower. surface of the vibration source 13 is lowered with respect 
to the base frame on which it ig mounted, causing the pass 20 
to deform, the supplied liquid is discharged from the discharging 
outlet 11 of the respective pressure room 10 as a liquid-drop 
at the same time by conveyl ngrh* , , qni ri tM t . hft respective pressure 
rooms 10 Simultaneously due Lo Lhe pre^ri.ed force generated 
in Lhe pass 20. To the contrary, aa the lower surface of the 
vibration source 13 riocs upward to return to the original 
Position, the pass 20 also returns to original sharp an , a liquid 
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is supplied to the p aas 20 due to negative f orcc and the device 
prepares for the next ejection. A liquid-drop is ejected in a 
spraying manner by repeating this. 

KTR. .1 isalao an illustration showing LheoLhex embodiment . 
The pressure room 10 provides the discharging outlet 11 having 
Lhe nozzle hole 11a which is opened outwardly in a lover portion 
of an end, provides the inlet hole 12 on the other end of the 
surface where the discharging outlet 11 is provided, and the 
relevant pressure room i 0 is connected to the pass 20 via th« 
inlet hole 12. Particularly, the thin W *1 1 *r1 porr.lon 10a of the 
pressure room 10 is formed in a convex shape, inwardly, cud Lhe 

hrldglngportiorilocaL^dbeLween this and the thin walled portion 
10c or the other pressure room 10 located laterally, io formed 
in the positional relationship of a relatively projecting 
outwardly. Then, over the upper wall portion of the pressure 
room 10, the vibration source l 3 which 1 „ * ftp * raT . ely formed and 
its lower surf*™ i s formed in. a smoothed manner is equipped, 
in FTR. a (a) showing a usual state, the positional relationship 
of the lower surface and the upper surface 14 a of the bridging 
portion 14 being contacted with each other io kept. Moreover, 
the vibration source 13 is also formed in a longitudinal shape 
in a transverse direction so as to range over till the upper 
wail portion ot the other pressure rooms 10 transversely arrayed 
in paral 1 el . 

The vibxcLiun source 13 also has a structure for vibrating 
upward and downward as the actuator 13b, by applying a 
predetermined voltage signal, the lower surface of the vibration 
source 13 is lowered to the position shown in rTG.5 <b> , rh 
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bridging portion 14 beL we «i LLe multiple pressure rooms 10 is 
deformed downwardly at the same time, a liquid is supplied from 
the pass 20 to the rcopcctivc procure rooms 10 due to the negative 
force generated by the respective pressure rooms 10 being 
rectangularly deformed. To the conrrary, a* th* lower surface 
ot the vibration sonrre 13 r1 ses upward to return to the origin*! 
Tuition, r.he bridging portion 14 also returns, Lo Lhe original 
ahape aL Lite same Lime and a liquid supplied to the respective 
pressure room 10 i a discharged from the diocharging outlet 11 
as a liquid-drop at the same time due to the pressurized force 
generated in the respective pressure rooms iu. A liquid-drop 
is ejected in a spraying manner by reputing i-h1s. 

Tne Industrial application probability 

As described above, according to the invention of claim 
1, since at least two pressure roo M connected to at least one 
discharging outlet are provided with respect to the vibration 
source of a liquid-drop spraying device, not only discharging 
en b.l oc fmm „ P W al i t.y of discharging outlets can be performed 
only by driving a vibration source, but also the width of the 
design U<U1 be broadened compared to the conventional ones and 
can generate a larger displacement since the vibration source 
itself is larger and uses other kinds of materials, thereby 
resulted in being capable of spraying a large amount. 

Moreover, rhe invention of claim 2 i« d ii qul a-drop 
spraying device in which the liquid sump and the vibration source 
are separate bodies. Owing to thio, in addition to the above 
deocribed effects, the vibration source and the liquid sump can 
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be separately formed, for example, the vibration source is 
capable of being formed by the materials enlarging displacement 
amount and separately from the liquid sump. Moreover, in rhe 
case where marpri .isfor the 1 1 quid sump Is defined, for example, 
r.o bft a metal, the toughness is enhanced and the durability can 
be enhanced. Then, since the material components forming the 
vibration source does not diffuses to the oidc of the substrate 
having a liquid oump, the material of the substrate becomes stable 
and the durability is more enhanced. 

Moreover, t.hA Invention of claim 3 is a li qu id-drup 
spraying device in which one of the portions of the vibration 
source is f i xed on the fixation section of the baae frame and 
the like, at least one of the portions out of the other vibration 
ocction or movable section is contacted with the liquid sump. 
Owing to this, the vibration of the vlhrahion source doe* not 
transmit* to th* fl«rlon porr.ion side, and more efficiently 
transmits to the liquid sump and the spraying efficiency is 
enhanced. 

Moreover, the invention of claim 4 is a liquid-drop 
spraying device in which the vibration source and the pressure 
room are contacted with each other, and at least one of the 
contacted surfaces is in a convex shape. Since many kinds of 
shapes of contacted suzTace* can be utilized, it can be selected 
corresponding to the materials of the liquid sump and the 
vibration source, diocharging amount and the like, discharging 
has been stable. 
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Moreover, the invention of claim 5 ia a liquid drop 
spraying device in which the vibration transmission surface of 
the vibration source of claim 3 is smoothed, and the vibration 
submitted transmission surface of the pressure room is a thin 
walled port.ion prnj«r.r.1ng outwardly, since the pressure room 
having a r.hln walled portion projecting uuLwardly can be easily 
prepared by utilizing a method of forming a conventional 
integrated projecting unit, the coot of preparation can bo 
reduced. 



Moreover, the invention of claim ft is a Hquld-drop 
spraying rt «vl m which the vibration source and the relevant 
pass are contacted with each olher, d L l Ma L one of the contacted 
aUt ' rdCyH is in * convex 3ha P e - to this, the volume change 

due to the increasing and reducing procure to the pass by the 
vibration source is disposed into a plurality of volume 
reduction section via an inlet hole, discharging n f th( , 
.■MrpHri-drop is performed, it is not necessary to mount a large 
number of vibration sources individually as the conventional 
ones, and the cost of preparation can be reduced. 

Moreover, the invention of claim 7 is a liquid-drop 
spraying device in which the bridging portion between the 
pressure rooms is contacted with the vibration source. Owing 
f-o r.ms, rhe bridging portion has a thickness larger than that 
of Lhe Lhin walled portion with respect to the direction of 
increasing and reducing pressure of the vibration plate and io 
excellent in the durability and in addition, forming the thin 
walled portion in a concave shape, compared to the case where 
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it is in a convex sharp and required a otcp of making the height 
of the convex be certain level, indicates that since the height 
ot the bridging portion is The ssm fi with t-.hR thickness of the 
fintirft device, 1 r. la easy to make the subsume and the number 
of stepa is also reduced. 



Moreover, the invention of claim 8 io a method of 
manufacturing a liquid-drop spraying device in which after a 
liquid eump and the vibration source are separately termed, two 
or more relevant pressure rooms are proviriRri with r««per.r. no 
thp rfliflvanr. vibration sources by Integra Liny the liquid auuv 
and the vibration buuiuy so that vibration of the relevant 
vibration source is transmitted to the relevant liquid oump. 
Owing to thio, aincc the vibration source and the liquid sump 
can be formed by different materials and steps, for example, 
the vibration source can be formed by a material enlarging an 
amrumr of" rti sp1 acemenr. and separately from the conventional 
sintering material of liquid sump, and the material of the liquid 
sump can be a metal having a hiqh toughness and durability. Then, 
since the material component forming the vibration source does 
not diffuse to the side of the substrate having a liquid sump 
by reduction ot contact area, the material of the substrate 
becomes stable and its durability can be more enhanced, and 
furthermore, the liquid sump and the vibration source can be 
individually checked, and reliability is more secured. 
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